The aim of this study was to determine the impact of stocking density on the liver 21 proteome and cecal microbiota of Peking ducks. A total of 1,200 ducks with 21-day old 22 were randomly allotted into 5 stocking density groups of 5, 6, 7, 8 and 9 ducks/m 2 , with 23 6 replicates for each group. At 40 days of age, duck serum and pectorals were collected 24 for biochemical tests; liver and cecal contents of ducks were gathered for proteome and 25 microbiota analysis, respectively. Serum MDA increased while pectorals T-AOC 26 reduced linearly with enhancing stocking density. Duck lipid metabolism was altered 27 under different stocking density as well. Serum LDL-C increased linearly with 28 increasing stocking density. Proteome analysis revealed fatty acid biosynthesis proteins 29 such as acyl-CoA synthetase family member 2 and fatty acid oxidation related proteins 30 including acyl-CoA dehydrogenase long chain and acyl-coenzyme A oxidase were 31 enriched in high stocking density group. Additionally, high stocking density increased 32 oxidative response related proteins such as DDRGK domain containing 1 while 33 diminished anti-oxidant capacity related proteins including regucalcin and catalase. 16S 34 rDNA analysis revealed that higher stocking density was accompanied with decreased 35 microbial diversity, as well as depletion of anti-inflammatory bacterial taxa, including 36 Bacteroidales, Butyricimonas and Alistipe. In addition, decreased bile acid metabolism-37 associated bacteria such as Ruminococcaceae, Clostridiales and Desulfovibrionaceae 38 were found in the high-density group. Both proteome and 16S rDNA results showed 39 inflammation and chronic liver disease trend in the high-density group, which suggests 40 the involvement of the liver-gut axis in oxidative stress. 41 INTRODUCTION 43 Space is one of the most compromised features in commercial housing systems, 44 limited often in the interests of efficiency and profitability. Increasing stocking density 45 can yield higher profits per kilogram of chicken. However, reduced space limits the 46 ability to rest [1] and has a negative influence on performance [2,3,4,5,6], meat yield 47 [2-4], immune status [7] and gut morphology [8]. In addition, high stocking density is 48 associated with chronic oxidative stress [2]. 49 The liver plays an important role in energy metabolism and it is the major site of 50 triglyceride (TG) metabolism which is involved in TG digestion, absorption, synthesis, 51 decomposition and transport. It has been demonstrated that high stocking density has 52 been shown to have a deleterious effect on liver function [9] with increased activities 53 with aspartate aminotransferase and alanine aminotransferase [10]. The gut microbiome 54 is also highly connected to animal energy metabolism and health [11], and it has been 55 frequently suggested that gut microbiota plays a critical role in chronic liver disorders 56 through liver-gut axis [12]. Moreover, high stocking density is associated with adverse 57 effects on the chicken intestinal commensal bacteria [4].
Proteome analysis
Protein extraction 122 Liver samples (~100mg each) were ground to a powder under liquid nitrogen and 123 then transferred into a centrifuge tube. After that, four times volume of lysis buffer 124 containing 8 M urea (Sigma) and 1% Protease Inhibitor Cocktail (Calbiochem) was 125 added, followed by sonication three times on ice using a high intensity ultrasonic 126 processor (Scientz). And then centrifuged for 10 min at 4 °C and 12,000g. Supernatants 127 containing soluble proteins were collected and the protein concentration was quantified 128 with BCA kit (Beyotime Biotechnology) according to the manufacturer's instructions. 129 Trypsin digestion 130 For trypsin digestion, the protein solution was reduced with 5 mM dithiothreitol 131 (Sigma) for 30 min at 56 °C and alkylated with 11 mM iodoacetamide (Sigma) for 15 132 min at room temperature under dark conditions. The protein sample was diluted with 133 100 mM triethylammonium bicarbonate (TEAB, Sigma) to make urea concentration 134 less than 2 M. Finally, the sample was digested with trypsin (Promega) overnight with 135 a 1:50 trypsin-to-protein ratio and then further digested for 4 h with 1:100 w: w trypsin-136 to-protein ratio (37℃).
TMT Labeling 138
After trypsin digestion, the peptides were desalted in a Strata X C18 SPE column 139 (Phenomenex) and vacuum dried. The peptide was dissolved in 1 M TEAB and processed according to the manufacturer's protocol for TMT kit. Briefly, one unit of 141 TMT reagent (defined as the amount of reagent requirement for labeling 100 μg of 142 protein) was thawed and dissolved in acetonitrile (Fisher Chemical and then maintaining at 80% for the last 4 min, all at a constant flow rate of 800 nl/min.
158
The peptides results were subjected to nano electrospray ionization (NSI) source 159 followed by tandem mass spectrometry (MS/MS) in Q Exactive PlusTM (Thermo 160 Fisher Scientific) coupled to the UPLC. The electrospray voltage applied was 2.0 kV.
161
For MS scans, the m/z scan range was 350 to 1800. Intact peptides were detected in the 162 orbitrap at a resolution of 70,000. Peptides were then selected for MS/MS in the orbitrap 163 at a resolution of 17,500. Fixed first mass was set as 100 m/z. A data-dependent 164 procedure that alternated between one MS scan followed by 20 MS/MS scans. In order 165 to improve the effective utilization of mass spectrometry, the automatic gain control 166 (AGC) is set to 5E4, the signal threshold is set to 10000 ions/s, the maximum injection 167 time is set to 200 ms, and the dynamic exclusion time of the tandem mass scan is set to 168 30 seconds to avoid the repeat the scan of parent ion. 
221

RESULTS
222
Duck performance and carcass traits 223 In our study, both the final body weight and the body weight gain over the study 224 period decreased linearly with the increase of stocking density (Fig 1a, 1b) . The 225 feed/gain ratio increased linearly with increasing density (Fig 1c) . Pectorals percentage 226 was affected by stocking density as well, decreasing linearly with increasing stocking 227 density (Fig 1d) . 
234
In redox indices, raising density was significantly associated serum MDA and LDH, 235 as well as pectoral T-AOC (Table 1) . Serum MDA increased linearly, while pectoral T-236 AOC decreased linearly with increasing stocking density (Table 1) . Stocking density was also significantly altered lipid metabolism indices including 244 serum LPL, TG, TC, HDL-C and LDL-C, as well as pectoral LPL (Table 2) .
245
Additionally, serum LDL-C increased linearly, and HDL-C had a linear increasing 246 trend with increasing density. Serum TG and pectoral LPL had quadratic trends 247 associated with stocking density (Table 2) . In GO analysis, the most striking different pathways between H and L group were 255 small molecule metabolic process, organic acid metabolic process, oxoacid metabolic 256 process and carboxylic acid metabolic process. Pathways including oxidation-reduction 257 process, cellular amino acid metabolic process and fatty acid metabolic process were 258 significant altered as well (Fig 2) . Many proteins involved in redox, lipid metabolism, 259 protein turnover, DNA repair, and immunity were associated with stocking density 260 (Table 3) . Methanomassiliicoccaceae were more abundant in the L group (Fig 4a, 4b) .
297
Additionally, the H group had elevated Lachnospiraceae and Ruminococcaceae lower 298 abundance of Butyricimonas, Desulfovibrionaceae, Alistipes and Clostridiales (Fig 5) .
299
Overall, the ratio of Firmicutes to Bacteroidetes in the H group was higher than in the 300 L group (P = 0.058). 
